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/93* 

1. Name of this invention 

Composite Of Clad Ferrous Member On Cast Aluminum 

2 . Claims 

[1] Composite of clad ferrous member on cast aluminum with the 
following characteristic: 

A clad ferrous member is provided with a concave convex surface, 
and the tips of convex parts are compressed to form stopper parts 
vertically extending above concave grooves, wherein a metal layer 
such as copper, zinc or the like capable of dispersing into both the 
clad ferrous member and cast aluminum substrate is plated on the 
concave convex surface to integrate the clad ferrous member and 
aluminum substrate into one body. 

[2] Production method of composite of clad ferrous member on 
cast aluminum with the following characteristic: 

While a ferrous element plate is processed into a concave convex 
surface by intermittent cold or hot processing or machining, a 
rolling process is provided to the surface to squash the tips of 
convex parts to flatten the tips, or in addition to said tip 
flattening process, the tip areas are bent for a certain angle to 
form stoppers vertically extending toward the bottoms of concave 
grooves; then, the concave convex surface is plated with a metal 
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layer such as Cu, Zn or the like capable of dispersing into both the 
clad ferrous member and a cast aluminum substrate so as to form an 
integral cast of said aluminum member substrate and ferrous clad 
plate using the convex concave surface of the ferrous clad as the 
boundary surface of layers. 

[Simple Explanation of Figures] 791 

Parts (a) - (d) of Fig. 1 are diagrams showing the production 
procedures of composite based on this invention. Part (a) of Fig. 2 
is a diagram showing the area X in Fig. 1; Part (b) of Fig. 2 is a 
diagram showing the area Y in Fig. 1; Part (c) of Fig. 2 is an 
enlarged diagram of the rolling-treated convex concave surface of 
another operational example. Figure 3 is a scanned EPMA graph of Cu 
distribution at the boundary surface of composite based on this 
invention. Figure 4 is a cross-sectional diagram of boundary area of 
Al substrate and Fe clad of the composite based on this invention. 
3 . Detailed Explanation of this Invention 

[Field of the Invention] 

This invention pertains to a composite of clad ferrous member 
positioned on cast aluminum used as a substrate, being bonded with 
strong adhesiveness without requiring any adhesive medium between 
layers, so that the composite can provide excellent abrasion 
resistance and impact resistance in high temperature corrosive 
atmosphere. Also, this invention pertains to a mass production 
method of said composite, which can easily maintain the quality of 
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products . 

[Background of the Current Invention] 

The sliding surfaces of an internal-combustion engine or similar 
device, being placed in high temperature gas atmosphere, receive high 
thermal load, and there, must provide strong impact /abrasion 
resistance. However, as engine casings (e.g., rotor housing for high 
load reciprocal cylinder and rotary engine) are often manufactured 
using Al alloys, a ferrous element must be adhered to the inside 
surface in order to manifest the necessary characteristics described 
above . 

Conventionally used techniques for bonding an Al element and Fe 
element are a simple casting method using machinery bonding and Al- 
Fin method forming a chemical bonding layer between the Fe and Al . 
However, the casting method cannot provide adequate layer bonding or 
manifest chemical bonding to the surface, heat conductivity is too 
low for practical applications receiving heat and mechanical stress 
such as internal-combustion engine. On the other hand, although the 
Al-Fin method being able to manifest chemical bonding is used in 
applications, such as cylinder and brake drum of reciprocal engine, 
the problem with this method is that the procedure is complex and 
requires many steps, as not only does it require preprocessing of 
ferrous element, but also ferrous element must be soaked in an Al 
bath and molded while Al is melted or has plasticity, thus making it 
difficult to insert a thin Fe element into the inside wall of 
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cylinder or like area. In addition, when a device prepared in this 
manner is actually used, a thick Fe-Al alloy created at the Fe-Al 
boundary results in fragility, often worsening the adhesive strength 
at the area. Therefore, this method cannot be used for mass- 
producing complicated internal-combustion engines. 

In a case of transplant method, which is applied to various 
engines to a certain degree of success, since, in essence, it uses a 
thermally sprayed layer, this method accompanies various 
difficulties. That is, processing the thermally sprayed layer 
containing Fe oxides is not easy, as the layer is fragile and hard to 
cut. Also, the layer containing oxides having low heat conductivity 
functions against the intended heat conductivity improvement by 
bonding to an Al alloy. Therefore, unless the layer is made thin, 
problems, such as worsening the cooling effect, occur in mass 
production. Furthermore, the thermally sprayed layer does not 
provide sufficient strength, as the shearing strength of the layer is 
only 6-8 Kg /mm 2 . 

[Disclosure of the Invention] /92 

In the prior invention developed by the inventers of the present 
invention, associated with a method of integrally casting an Al 
substrate and Fe element, after a rolling-processed metallic net body 
is placed between layers, the net body is adhered to the Fe element 
using Cu wax beforehand so as to simultaneously manifest improved 
mechanical strength and chemical bonding effect of Al-Fe compound for 
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eliminating aforementioned problems. The present invention provides 
the same mechanical and chemical layer bonding effectiveness without 
utilizing a middle net layer. To produce the anchoring effect as a 
replacement of the middle net layer, concave grooves and sharp 
convexes are provided with the surface of the iron layer, where the 
tips of convex parts are compressed to form flattened tips, or such 
tips are arranged into stopper parts vertically extending toward the 
bottom of concave grooves in order to thoroughly eliminate the upward 
movement of Al substrate layer molded in each concave groove, thus 
preventing the layer from coming out. In addition, to provide the 
chemical bond, this concave convex surface is plated with a metal 
layer such as copper, zinc or the like capable of dispersing into 
both the clad ferrous member and cast aluminum substrate, while the 
Al-Fe compound can be effectively formed by retaining the heat of 
melted Al type substrate by utilizing the relatively wide flat-tip 
heat reception areas. 

[Operation of Present Invention] , 

The following explains the operation of current invention while 
referring to Fig. 1. In this explanation, an engine casing is used 
as an example of said internal-combustion engine described above. As 
shown in Fig. 1, various pieces of soft steel or special steel plates 
(from here, the term "ferrous plate 1" is used), respectively 
containing an appropriate amount of C depending on the intended 
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application, are selected as ferrous member plates. The plate 
thickness is determined according to the application. 

Then, the plate is processed into a concave convex surface 5 
containing pointed convex parts 3 and concave grooves using 
intermittent hot /cold rolling or machining (see Part a of Fig. 2) . 
Next, by intermittently applying a pressure part 6 providing cold 
rolling or hot rolling, the tip 3 of each convex 3 on the concave 
convex surface 5 is compressed to create flat tips 2 X ... as shown in 
Part b of Fig. 2, or the tip 3 is bent for a certain angle along the 
rotational direction (to the left in the figure) while squashing each 
tip 3 to form flat tips 2 1 ... using a rotational extension roller (not 
shown in the figure) rotating in one direction, so as to create 
grooves 4i having stopper parts vertically extending above concave 
grooves (squashed top area 2 1 and bent convex part 3i) . In this case, 
the smaller the bottom angle 9 of each concave groove A lt the better 
the anchoring effect. However, this bottom angle 0 is preferably 60° 
or less. Also, the apex 0', pitch, and height of the convex part 3 
are determined according to the degree of rolling and initial 
anchoring strength . 

After sufficiently degreasing the surface (if intermittent 
cooling was selected) or removing the oxidized film on the surface 
(if intermittent heating was selected) , the rolling-processed concave 
convex surface 5i is plated with a metal layer such as Cu, Zn or the 
like capable of dispersing into both the clad ferrous member and cast 
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aluminum substrate (not shown in Fig. 1; refer to Fig. 4) . The 
thickness of 3 - 20 u is sufficient for this platelayer. 

When producing an engine casing as shown in Part c of Fig. 1, 
the surface of the plated clad ferrous member 1 is curved to form an 
inner surface shape of engine casing, and the edge 6 is welded to 
prepare an inner part 7 of the casing. Then, as shown in Part d of 
the figure, after the inner part 7 is inserted into the cast, the Al 
element casting substrate 9 is integrated to the outside surface to 
form an engine casing 9. Note that the inner surface of the ferrous 
plate 1 of this casing receives Cr and Ni plating. 

The rolling-processed convex concave surface 5i of the prepared 
engine casing 9 consists of squashed convexes 3i... and concaves 4i... to 
which stopper parts vertically extending toward the bottom of the 
concaves are provided by the tips of convexes. Therefore, the Al 
element substrate poured in each groove 4 X provides with the full 
anchoring effect to the convex concave surface 5i, thus producing 
durable mechanical bonding strength. Furthermore, since the concave 
convex surface is plated with a metal layer 10 capable of dispersing 
into both the clad ferrous member and cast aluminum substrate, and 
the tip of each convex part 3i is squashed to form a relatively wide 
flat area 2 X ... for increased heat-reception, the plated metal of the 
plate layer 10 can effectively disperse into the both materials 8, 1 
from the boundary area by the heat at the flat tip parts 2i..., thus 
forming an Al-Cu (or Zn etc.) -Fe compound to the boundary surface 
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area to provide strong chemical bonding. Therefore, the substrate 8 
and clad 1 of the compost based on the present invention can manifest 
significantly high adhesive strength. Figure 3 is a chart of Cu 
distribution of the Cu plate scanned by an EPMA (electron prove micro 
analyzer) as an example of chemical bonding at the boundary area. As 
shown in this graph, Cu is dispersed in both Al and Fe parts, where 
the dispersion is particularly deep in the Fe clad. 

The following explains an operational example of the current 
invention. 

Operational example: /93 

A convex concave surface containing grooves (bottom angle = 30° , 
pitch = 1mm) was provided by vertically engraving the surface of 2 mm 
thick SS41 material used as a clad ferrous part by machining process. 

Then, intermittent rolling was applied to the tips of convex 
parts at 50% of rolling ratio to flatten the convex apexes to form 
the rolling-treated convex concave surface shown Part b of Fig. 2. 
Next, after Cu was plated for 5 p. thick on the convex concave surface 
of the ferrous plate and molded into a trocoid shape, the processed 
body was placed in a cast integrated with an Al alloy to form a rotor 
housing. The adhesion strength between the ferrous plate and Al 
substrate of the produced rotor housing was 10 Kg/mm 2 in shearing 
strength. Next, after hard chrome was plated on the rotor housing 
ferrous surface, its operational strength was tested. As a result, 
the device provided excellent test results. 
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As described above, with the method of present invention, a clad 
ferrous member and Al substrate are mechanically anchored by the 
convex concave surface formed on the clad ferrous member by rolling. 
In addition, since this concave convex surface is plated with a metal 
layer such as copper, zinc or the like capable of dispersing into 
both the clad ferrous member and cast aluminum substrate, the plated 
metal is dispersed in both layers with the heat on the flat tips of 
convex parts and forms Al-Fe chemical bonding to significantly 
strengthen the adhesion between the substrate and clad plate. As a 
result, a device having excellent high temperature abrasion 
resistance and impact resistance can be produced. The following 
explains the production method and effectiveness of the produced 
product of the present invention by comparing with the conventional 
method: 

A) Cumbersome processes such as pre-soaking in melted Al 
required by the Al-Fin method are not needed. Also, an excessive 
thickness of Fe-Al alloy layer can be prevented to assure the 
adhesion strength of the layers. Thus, strong layer adhesion can be 
easily provided without preprocessing. 

B) Unlike the transplant method, the method based on this 
invention does not form a sprayed fragile layer, thus eliminating the 
chipping and- peeling problems, subsequently being able to provide 10 
Kg/mm 2 or higher shearing strength compared with the shearing strength 
of transplant layer which is 6 - 8 Kg/mm 2 . 
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C) The clad Fe element has a concave convex surface, where the 
tips of convex parts are squashed to form flat surfaces to provide 
significantly improved heat conductivity. 

D) When Ni or Cr plating is provided to the inner surface of the 
composite clad surface for improving the abrasion resistance, plating 
can be much easily performed compared with the case of directly 
plating on the inside surface of Al substrate. Also, its high 
packing strength allows thinner film formation. Furthermore, as the 
inner layer defects are much less compared with the transplant 
method, the plating thickness can be reduced. 

E) Compared with the method that utilizes a metallic net or lath 
metal as an adhesion medium, the method based on this invention does 
not require a middle medium layer or waxing. Therefore, the 
production method can be much simpler. 

As explained above, in addition to the internal-combustion 
engine used in the operational example, the present invention 
provides a technique of producing industrial composite materials 
being able to manifest excellent impact resistance and friction 
resistance in a high temperature corrosive environment. 
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Figure 3 
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